Background Obesity is associated with an increased risk of dislocation after total hip arthroplasty (THA). However, in patients with obesity, it is not known whether the risk is only in the early postoperative period or whether it persists several years after surgery, and whether having bariatric surgery before undergoing THA and/or receiving a specific device (such as a dual-mobility or constrained acetabular liner) is more effective in terms of decreasing the risk of dislocation. Question/purposes (1) What is the cumulative risk of dislocation in patients with obesity after THA in the absence of a dual-mobility or constrained liner, and is this related to component positioning? (2) Does bariatric surgery before undergoing THA decrease dislocation risk in patients with obesity? (3) Are dual-mobility and constrained liners efficient in preventing dislocation in patients with obesity? Methods At our university-based practice, all surgeons adhered to the following treatment approaches: Before 2000 no dual-mobility implants or constrained liners were used for primary THAs. Between 2000 and 2008, all patients whose body mass index (BMI) was greater than 30 kg/m 2 received dual-mobility liners (or constrained liners), except when they had previously had bariatric surgery. After 2008, all patients with BMIs over 30 kg/m 2 as well as those patients who were previously treated with bariatric surgery (regardless of BMI at the time of the index THA) received dual-mobility or constrained liners. This case-control study compared the dislocation percentage between 215 hips in nonobese patients (BMI B 30 kg/m 2 ), 215 hips in patients with obesity (BMI [ 30 kg/ m 2 ) who received standard cups, 85 hips in patients with bariatric surgery before THA using standard cups (with reduction to a BMI \ 30 kg/m 2 ), and 155 hips in patients with obesity who received dual-mobility (when younger than 70 years) or constrained liners (when older than 70 years). All patients received the same implants except for different femoral head diameters (32-mm head with standard cups and 28-mm head with dual-mobility or constrained liners). The patients were followed at routine intervals and were specifically queried about dislocation. All the 670 hips had a minimum followup of 5 years with a mean followup of 14 years (range 5-25 years). At the most recent followup, 101 (15%) hips were lost to followup (respectively, 36 of 215, 34 of 215, five of 85, 24 of 155), which is the same ratio as observed among the underlying populations from which the patients were drawn.
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Results
With standard liners, more hips in patients with BMI[30 kg/m 2 dislocated than did hips in nonobese (BMI \ 30 kg/m 2 ) patients. The cumulative number of dislocations (first time without recurrent dislocation) was 6% (13 of 215) at 1-year followup in obese patients compared with 2% (four of 215) in nonobese patients (odds ratio [OR], 3.4; 95% confidence interval [CI] 1.09-10.58; p = 0.03) and was 13% (28 of 215) at 15 years followup compared with 4% (eight of 215) in nonobese patients (OR, 3.9; 95% CI 1.72-8.71; p = 0.001). When bariatric surgery was performed before THA, BMI declined from 42 kg/m 2 to 28 kg/m 2 , but with the same standard liners, more hips after bariatric surgery dislocated at 1-year followup than did hips in patients with obesity without preoperative bariatric surgery (13% [11 of 85] compared with 6% [13 of 215]; OR, 0.43; 95% CI 0.18-1.01; p = 0.05). Dual-mobility or constrained implants decreased the risk of dislocation, and fewer hips in patients with obesity with dual-mobility or constrained liners at 7 years followup had dislocated than did hips with standard liners (2% [three of 155] compared with 9% [20 of 215]; OR, 0.19; 95% CI 0.05-0.66; p = 0.01) bringing this number in line with the number observed in nonobese subjects with standard cups. Conclusions With standard liners, the risk of dislocation is increased in patients with obesity. Preoperative decrease of BMI (with bariatric surgery) in patients with obesity did not prevent the risk of dislocation with standard liners. Use of dual-mobility or constrained liners in these patients is an effective technique to reduce the risk of postoperative hip dislocation. However, we do not yet know the full risks of loosening of dual-mobility and constrained liners in this obese population. Level of Evidence Level III, therapeutic study.
Introduction
When obesity is defined as a body mass index (BMI) greater than 30 kg/m 2 in adults, obesity is recognized as an independent risk factor for postoperative hip dislocation in several studies [2, 6, 8, 15, 18, 22, 28, 35] . However, in these patients with obesity, it is not known whether the risk is only in the early postoperative period or if the risk persists several years after surgery. Biomechanical studies [10, 11, 31] have shown that the periprosthetic soft tissues, especially large thighs, can act as moment arms (soft tissue impingement or thigh impingement) during adduction to create a laterally directed force on the femoral component and dislocation ( Fig. 1 ). There are several options that may be discussed to reduce the risk of dislocation in patients with obesity. Bariatric surgical procedures [5] are an option for weight reduction in patients with obesity. As a result of recommendations by orthopaedic surgeons [6] for patients to lose weight before THA, bariatric surgery may be considered as an option for morbidly obese THA candidates.
However, although bariatric surgery provides substantial and sustained effects on weight loss and general complications according to some studies [19, 33] , these studies have not evaluated the influence of bariatric surgery before THA on the risk of dislocation. Dual-mobility acetabular cups [7, 12, 13, 34] or constrained cups [17] can decrease the risk of dislocation and may be indicated in some patients whose risk of this complication is increased. However, studies up to now have not specifically analyzed the benefit of using these implants in patients with obesity as compared with standard implants in patients with obesity. Our aim therefore was also to evaluate the prevention of risk of dislocation after THA in patients with obesity. We specifically asked: (1) What is the cumulative risk of dislocation in patients with obesity after THA in the absence of a dual-mobility or constrained liner as compared with nonobese patients, and is this related to component positioning? (2) Does bariatric surgery before undergoing THA decrease dislocation risk in patients with obesity? (3) Are dual-mobility and constrained liners efficient in patients with obesity?
Patients and Methods
This was a single-center case-control study. Between January 1990 and December 2000, we performed 430 THAs for primary osteoarthritis, dysplasia osteoarthritis, osteonecrosis, or rheumatoid arthritis of the hip (Table 1) . Of those, 215 (50%) were performed in patients with obesity. Of those who were treated with this approach, 35 patients (8%) had died and 35 (8%) were lost to followup, whereas 360 patients (360 hips [84%]) were available for followup at a minimum of 15 years (median, 18 years; range 15-25 years). As a comparison, between January 2000 and December 2008, we performed 240 THAs in patients with obesity. Of this second group, 85 (35%) were performed in patients with obesity who had undergone bariatric surgery before arthroplasty, and 155 (65%) were performed in patients with obesity using constrained or dual-mobility liners. At our university-based practice, all surgeons adhered to the following treatment approaches: Before 2000 no dual-mobility implants or constrained liners were used for primary THAs. Between 2000 and 2008, all patients whose BMI was greater than 30 kg/m 2 received dual-mobility liners (or constrained liners), except when they had previously bariatric surgery, when these liners were not used in these patients. After 2008, all patients with BMIs over 30 kg/m 2 as well as those patients who were previously treated with bariatric surgery (regardless of BMI at the time of the index THA) received dual-mobility or constrained liners. This case-control study compared the dislocation percentage rate between 215 hips in nonobese patients (BMI B 30 kg/m 2 ) with standard cups, 215 hips in patients with obesity (BMI [ 30 kg/m 2 ) who received standard cups, 85 hips in patients with bariatric surgery before THA using standard cups (with reduction to a BMI \ 30 kg/m 2 ), and 155 hips in patients with obesity who received dual-mobility (when younger than 70 years) or constrained liners (when older than 70 years).
Four cohorts (Fig. 2) were defined using BMI, bariatric surgery, implants (standard, dual mobility, constrained cups) as criteria of selection: Group 1 consisted of 215 THAs in patients operated on between 1990 and 2000, defined as obese (BMI [ 30 kg/m 2 on the day of surgery), and receiving standard implants. Group 2 consisted of 215 THAs in patients operated on between 1990 and 2000 and defined as nonobese (BMI \ 30 kg/m 2 on the day of surgery) and receiving standard implants. Demographic data were similar in all the groups ( Table 1 ). The exact match was used for the posterior approach, type of femoral and acetabular implant, femoral head diameter (32 mm for all), and indication (such as primary osteoarthritis, osteonecrosis, rheumatoid arthritis, and dysplasia osteoarthritis). The closest available match was used for age and date of treatment, but up to 2 years deviation in each of these parameters was accepted. Group 3 consisted of 85 THAs performed between 2000 and 2008 in patients defined as previously obese (BMI [ 30 kg/m 2 ) and having bariatric . During the period in question, dualmobility cups were generally used when patients were younger than 70 years, and constrained liners were used when patients were older than 70 years. The four groups had similar preoperative data in terms of age, sex, etiology, and autonomy (Parker and Katz-ADL) ( Table 1 ). Other factors known to increase the risk for THA dislocation were noted and considered as exclusion factors: history of hip surgery, excessive alcohol consumption, history of psychiatric illness requiring psychoactive medications, neurological deficit affecting the motor system (Parkinson's disease, muscle spasms after a stroke, etc), and severe cognitive dysfunction. Cancer was also an exclusion criterion as an identified risk factor for weight variation.
Patients were excluded if they had less than 5 years of followup. In Group 1 (Fig. 1 ) of 215 hips in patients with obesity, 15 hips (6.9%) were lost to followup before 15 years (between 3 and 15 years), 21 (10%) patients had died (between 4 and 15 years), and the mean followup was 18 years (range 15-25 years). In Group 2 (215 hips in nonobese patients), 20 hips (9%) were lost to followup before 15 years (between 7 and 15 years), 14 (7%) patients had died (between 4 and 15 years), and the followup was 18 years (range 15-25 years). In Group 3 (85 hips in patients with obesity with preoperative bariatric surgery), four hips (5%) were lost to followup before 15 years (between 4 and 15 years), three (4%) patients had died (between 4 and 15 years), and the mean followup was 11 years (range 7-15 years). In Group 4 (155 hips in patients with obesity with specific implants), 10 hips (7%) were lost to followup before 15 years (between 4 and 15 years), 14 (9%) patients had died (between 4 and 15 years), and the followup was 12 years (range 7-15 years).
The four groups were similar in terms of surgical approach. Surgery was performed with a posterolateral approach under general anesthesia. All the hips of Groups 1, 2, and 3 received the same implants (Ceraver Osteal, Roissy, France) with the same head diameter (32 mm) and a cemented standard cup. The cup diameter sizes were similar (p = 0.04) in Groups 1, 2, and 3: mean 50.4 mm (range 48-58 mm) for Group 1 and mean 51.4 mm (range 48-58 mm) for Group 2. The 32-mm alumina head was always anchored through the same Morse taper (14-16 mm) on the stem (same manufacturer). Therefore, all patients had the same head-neck ratio. The femoral and acetabular components were always cemented. Patients in Group 4 received two antidislocation types of acetabular cups associated with a 28-mm head diameter implanted on the same stems. The cemented UHMWPE constrained cup (Groupe lépine, Genay, France) and dual-mobility liners (Groupe lépine, Genay, France; Ceraver Osteal) were used. No bracing or casting was performed in any patient.
Because the increased risk of postoperative implant dislocation in patients who were overweight and obese may also reflect only a more difficult surgical procedure (as a result of excessive mass of adipose and muscle tissues) resulting in suboptimal orientation of the prosthetic components, the abduction angle and anteversion of the cup [38] , the femoral anteversion of the stem [23] , and the restoration of offset [26] were measured for each patient ( Table 1) .
Number of Dislocations After THA
Patients were seen routinely at 3, 6, and 12 months, then annually thereafter until the 15th year for the first two groups and until maximum followup for Groups 3 and 4. At each visit, patients were evaluated clinically and radiographically. From the charts, we determined whether there were any dislocations (posterior or anterior) or revisions for recurrent dislocation or loosening. We routinely evaluated patients, in person or by means of a standardized letter or telephone questionnaire, at 2 to 3 months postoperatively and then at each subsequent 1-year interval until rerevision or death. At each time point, we specifically asked patients about whether they had dislocation of the hip. We did not consider a sensation of subluxation of the hip to be sufficiently specific to represent an episode of hip instability. We only considered a complete hip dislocation (the head has moved completely out of the acetabulum and required anesthesiology and surgeon intervention to relocate the hip) to be a dislocation event.
Evaluation of Obesity
Assessment of body weight and BMI (Table 2) during each medical visit was performed before THA and for THA followup at each medical visit; all persons undergo routine height and weight measurements as close as possible to the yearly anniversary dates of the index surgery. We categorized subjects as weight gainers if they gained C 5% of body weight from the index date to final followup. During followup, persons who remained within 5% of their body weight at the time of surgery were classified as weight maintainers.
Patients in Group 3 who had bariatric surgery before THA were compared with those in Group 1 who did not have bariatric surgery. Patients with bariatric surgery were those who had the surgery within 2 years before THA and achieved a BMI \ 30 kg/m 2 . All yearly postsurgery weight outcomes were compared with the presurgery weight with the BMI index. Because thigh impingement is one cause of dislocation [14, 18] , and because we have noted that after bariatric surgery some patients had a decrease in BMI without resolution of thigh impingement, we also measured ( Fig. 3 ) thigh circumference and hip circumference ( Table 2) , which are parameters [16, 20, 25] of the body adiposity index (BAI) [3] , an alternative measure of body fat. Thigh, waist, and hip circumferences were measured to the nearest 1 cm.
Statistics
Continuous descriptive statistics used means ± SD or range, percentages within groups, median values, ranges, and 95% confidence intervals (CIs) where appropriate. Qualitative data between the two groups were compared with use of the chi-square test or Fisher's exact test and quantitative data with the Mann-Whitney test. The statistical significance level was set at 0.05.
Results
With standard liners, obesity was a risk factor for dislocation among patients treated with standard liners who were well matched in other respects (Fig. 1) . The cumulative number of dislocations (first time without recurrent When bariatric surgery was performed before THA (Group 3), mean BMI declined from 42 ± 7.4 kg/m 2 to 27.6 ± 4.2 kg/m 2 , but no decrease of the risk of dislocation with the numbers available was observed when Group 1 (patients with obesity) and Group 3 (bariatric surgery) were compared. With the same standard liners, more hips after bariatric surgery dislocated (Fig. 1 ) at 1-year followup than did hips in patients with obesity without preoperative bariatric surgery (13% [11 of 85] compared with 6% [13 of 215]; OR, 2.309; 95% CI 0.991-5.382; p = 0.05). After bariatric surgery, patients with dislocations had as much weight loss (reduction from 43.3 ± 8.3 kg/m 2 to 26.9 ± 5.4 kg/m 2 ) as those without dislocation (reduction from 41.7 ± 6.4 kg/m 2 to 28.5 ± 4.8 kg/m 2 ). Interestingly, dislocations after bariatric surgery were only observed in those female patients who had no real hip or thigh circumference reduction (respectively, from 119.6 to 114.5 cm and from 68.2 to 66.3 cm) as compared with other patients without dislocations after bariatric surgery (respectively, from 117.9 to 97.2 cm and from 65.9 to 59.7 cm). Therefore, despite decreased BMI, these patients with dislocation presented the same technical challenges during hip arthroplasty and the same risk of thigh impingement postoperatively. With followup, the cumulative number of dislocations in the bariatric group increased from 13% (11 dislocations) to 15% (13 dislocations) as compared with Group 1 (from 6% to 13%) and therefore remained at 15 years followup higher than in Group 1 (Fig. 2) .
Constrained or dual-mobility acetabular liners (Group 4) decreased the risk of dislocation (Fig. 1) . The dislocation percentage with dual-mobility or constrained liners was not different with the numbers available in Group 4 (patients with obesity without bariatric surgery) to the percentage observed in nonobese patients of Group 2, and fewer hips at 7 years followup had dislocated with dual-mobility or constrained liners than did hips with standard liners in Fig. 3 Hip circumference (red) was measured as the maximum circumference at the level of the buttocks and compared with waist circumference (green) measured as the minimum circumference, in the horizontal plane, between the xiphisternum and the iliac crests. The advantage of measuring the hip circumference is that index is a direct measure of the mass of fat in the operative field, which gives an idea of the difficulty for exposure, for access to the acetabulum and correct positioning of the acetabular component. Thigh circumference (blue) also was measured directly below the gluteal fold of the thigh. It gives also an idea of thigh impingement, which occurs in our experience when thigh circumference is [ 60 cm. 5%] ) with dual-mobility implants (p = 0.27). There were no cases of revision for recurrent dislocation with constrained liners and two cases of revision for recurrent dislocation with dual-mobility liners. None of the dual-mobility or constrained cups was revised as a result of loosening.
Discussion
Obesity is becoming increasingly common; currently, more than 30% of the population in North America and nearly 15% of the population in western Europe are obese [1, 37] . Given the association between BMI and development of hip osteoarthritis [1] , THAs will be performed on an increasing number of patients with obesity. Of particular concern is the risk of dislocation in patients with obesity when using a posterior approach and when the BMI is greater than 35 kg/m 2 [2, 6, 14, 18, 28, 35, 36] . The specific frequency and the best approaches for preventing this serious complication are unclear [4, 21, 32, 39] . We therefore asked: (1) What is the cumulative risk of dislocation in patients with obesity after THA in the absence of dual-mobility or constrained liners as compared with nonobese patients? (2) Does bariatric surgery before undergoing THA decrease dislocation risk in patients with obesity? (3) Are dual-mobility and constrained liners efficient in patients with obesity? We note several limitations to our study. First, ours was a retrospective study of a nonrandomized patient population. Second, the patient cohort limited to a center, to only one device, and one approach may limit the generalizability of the study, although we had adequate power to identify important differences among the treatment groups. Third, our measurement of stem anteversion used an old technique, and we did not analyze all the possible causes of dislocations. We also used two different implants to avoid dislocation according to the age of patients, which may be a selection bias. It is also possible that some patients who were lost may have dislocated; however, this was not likely to exert a severe bias on our results because the proportion of patients lost to followup was comparable across the four study groups. The duration of followup was different in the different groups and therefore it is possible that the surgeons' skills have improved over the 20-year study period independently of the use of dual-mobility or constrained liners.
Obesity as a Risk Factor for Dislocation
There was a higher risk of dislocation in patients with higher BMI. This risk also has been demonstrated by other investigators [35] . Possible explanations for this finding include: extraarticular fatty tissue acting as a fulcrum [15] for dislocation and/or greater risk of suboptimal implant position because of technical difficulties associated with the procedure in patients with high BMI. However, it is not only the amount of weight that plays a role. The higher dislocation rate in women with obesity than in men with obesity can be explained by distribution of adipose tissues [22] (with gynoid obesity as opposed to android obesity). Recently, Elkins et al. [10, 11] demonstrated that morbid obesity may increase dislocation because of thigh soft tissue impingement. This is in concordance with our study that demonstrates that the effect of obesity on dislocation may be underestimated without adjustment for hip and thigh circumference. Our findings also confirm [9, 27, 29] that patients with obesity undergoing primary THA are at risk for weight gain and not for weight loss even if they are pain-free after surgery. Patients and surgeons should be made aware that weight gain risk begins within the first year and persists for at least 5 years after surgery and that the cumulative risk of dislocation increases with time.
Bariatric Surgery and Hip Arthroplasty
We chose a group of patients who according to general criteria [5] were considered candidates for bariatric surgery before the time of THA. We thereby attempted to evaluate whether bariatric surgery had decreased the risk of dislocation with better results than if they had continued with the same weight. However, a paradoxical increase of dislocation was observed as compared with those patients with obesity receiving also standard cups but without bariatric surgery before THA. This paradox could be explained by the fact that after decreased BMI, the mechanical soft tissue distortion around the hip may result in increased soft tissue laxity as a result of decreased fat around the hip. Another explanation is that bariatric surgery is followed by decreased (30-40% of the decrease weight) muscle mass [5, 30] , which could lead to decreased gluteus muscle mass and an increased dislocation rate in these patients. This phenomenon (paradoxical increased risk of dislocation after bariatric surgery) raises awareness that neither absolute weight nor BMI is sufficient to define whether the subsequent orthopaedic risks have been minimized. We observed that some patients (usually women) after bariatric surgery had decreased BMI without resolution of thigh impingement and without decreased hip circumference. These patients had increased risk of dislocation. More attention needs to be paid to the reduction of fat in the operative field rather than a simple emphasis on reduction of BMI. Importantly, this large mass of subcutaneous fat [24] can be predicted by simply measuring hip circumference, which correlates with high thigh hip circumference and of course thigh impingement. This parameter is used for calculation of the ratio of hip circumference to height known as the BAI that has been shown to be equivalent or superior to BMI as a measure of body fat [3] . This index may also appear better than BMI to predict hip dislocation in patients.
Dual-mobility and Constrained Implants
Specific implants are able to prevent dislocation and to treat repeat dislocations. Concerning obesity, Maisongrosse et al. [24] found the same dislocation rate in obese and nonobese patients (BMI B 30 kg/m 2 ) when using in both situations dual-mobility acetabular cups, which means indirectly that with dual mobility, the rate of dislocation is reduced in the presence of obesity. We did not find any other reports using these specific implants for prevention of dislocation in patients with obesity. The prevention of dislocation with dual-mobility or constrained liners was not different in our study with the numbers available, but according to the small number of events, this needs to be confirmed by other studies. The shape and geometry of dual-mobility liners probably result in functional creation of a large-diameter articulation with extension of the coverage of the femoral head when thigh-to-thigh contact occurs. Constrained liners prevent directly the dislocation by the retention mechanism that prevents the translation of the femoral head outside the cup with thigh impingement. However, the limited followup of our series does not allow us to determine the risk of intraprosthetic dislocation of the dual-mobility implants nor to calculate the survival curve of constrained liners in these populations of patients with obesity. Other options could be discussed for reducing the risk of dislocation in patients with obesity as optimizing the head-neck ratio or increasing the head diameter, but this possibility depends on the cup diameter or increasing the femoral offset (however, offset did not appear a risk of dislocation in our series), but this could induce treatmentresistant tendinopathy.
Patients with obesity who undergo THA using standard liners are at risk of dislocation compared with patients without obesity. Preoperative decrease of BMI (with bariatric surgery) in patients with obesity did not decrease the risk of dislocation with standard liners. However, we did find that use of dual-mobility or constrained liners in these patients was an effective technique to decrease the risk of postoperative hip dislocation; however, our study did not determine in this population of patients with obesity the risks that had been described in revision arthroplasties for these implants. Orthopaedic surgeons therefore need to balance the benefits of constrained or dual-mobility cups against their specific risks (intraprosthetic dislocation and loosening), particularly for young patients. In the future, polyethylene wear should be studied in patients with obesity because of the risks of the larger mechanical loads induced by their higher body weight on these implants.
